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I NTRO D U C TIO N
Subarachnoid haemorrhage (SAH) secondary to intracranial aneurysm rupture remains one of the most serious neurosurgical emergencies today. Intracranial aneurysms are acquired cerebrovascular anomalies that develop throughout a patient's lifetime. (1) They are arterial lesions defined by thinned and dilated regions of the cerebrovascular wall that exhibit loss of the internal elastic lamina, thinning of the tunica media, and subsequent remodelling and degradation of extracellular matrix proteins throughout the vessel wall. Most aneurysms occur at bifurcation sites along the Circle of Willis, as these areas are prone to haemodynamic patterns that potentiate aneurysm development. (2) The key to minimising the risk of rebleeding following aneurysmal rupture is to isolate the aneurysm from its cerebral circulation. In this regard, surgical clipping and endovascular coiling are both effective, although there has been much debate on the merits of each intervention. coiling. (4) While the ISAT concluded that there was better disability-free survival and a risk reduction in dependency or death with endovascular coiling compared to surgery, (3) there has been much criticism of the trial, as was eloquently highlighted by the BRAT study. For example, it has been cited that in the ISAT, almost 80% of aneurysms were excluded, the proficiencies between the different interventionists and neurosurgeons were varied, and the types of recruiting centres as well as type and location of aneurysms between groups had wide differences. (3, 4) Furthermore, the subsequent five-year follow-up data of the ISAT suggest that the benefit in outcome seen at six months had vanished over the ensuing years.
However, the current results of the ongoing BRAT study have
shown that a policy of intent to treat by endovascular coiling results in a reduction of poor clinical outcome at one-year of follow-up.
Our study was a retrospective audit of our institution's experience in the management of ruptured intracranial aneurysms. We assessed the overall outcomes of patients admitted for SAH secondary to aneurysmal bleeding, and 
M E TH O DS
We conducted a retrospective review of all patients admitted to the National University Hospital, Singapore, for aneurysmal SAH ( In addition, we selected a group of patients with WFNS grades 1-3 SAH and compared the treatment outcomes of those who underwent endovascular coiling (Fig. 3 ) against those who underwent surgical clipping (Fig. 4) . Fig. 5 shows the results of this comparison. For these patients, Glasgow Outcome Scale (GOS) scores were collected approximately six months after discharge and used as a measure of their neurological and functional outcomes. The GOS is a five-point score applied to victims of traumatic brain injury. It is also widely used in SAH patients for assessment of outcomes (Table I) 
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of association was calculated to compare outcomes between the two patient groups, using logistic regression to adjust for various significant confounders. Unpaired Student's t-test was used to compare the differences in length of hospital stay between the two groups.
RESULTS
During the study period, a total of 133 patients with nontraumatic SAH suspected to be secondary to aneurysmal rupture were managed at our institution. Of these, 89 patients had aneurysms that were confirmed on CT or digital subtraction angiography. The aneurysms in this cohort of patients were saccular in nature. The study excluded 119 patients who had other types of aneurysms, such as those that were traumatic or dissecting in nature. Of the 60 patients who were classified as WFNS grades 1-3, four were excluded due to death prior to treatment (n = 2) and refusal of any form of intervention despite advice (n = 2). In total, 56 patients classified as WFNS grades 1-3 were finally found to be suitable for inclusion in the study. The remaining 29 patients who were classified as WFNS grades 4-5 upon admission were excluded from the analyses. (Table II) . Similarly, 
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The test of trends of the OR across Fisher grades for both hydrocephalus (p < 0.01) and EVD insertion (p = 0.01) were statistically significant. However, there was no significant relationship between Fisher grade and VP shunt insertion rates for patients with grades 3 (OR 0.5, 95% CI 0.1-2.5; p = 0.42) and 4 (OR 2.1, 95% CI 0.6-6.9; p = 0.22).
Out of the 56 patients who were classified as WFNS grades 1-3 and who received treatment for ruptured aneurysms, 23 (41.1%) underwent coiling while 33 (58.9%) underwent surgical clipping. The demographic data of the patients from these two groups, including mean age, gender ratio, ethnicity, aneurysm circulation and mean GCS scores on arrival, were found to be relatively similar (Table III) . Hypertension (39.3%) and hyperlipidaemia (21.4%) were the most common comorbidities among the patients in our study (Table IV) .
The mean length of hospital stay for patients who underwent surgical clipping was shorter than those treated by coiling, although the difference was not statistically significant CI: confidence interval; GCS: Glasgow Coma Scale 13.0%; p = 0.61) ( Table V) . Using logistic regression to calculate the OR of association, we found that patients who underwent surgical clipping were 1.5 times more likely to have poor outcomes compared to those who were treated using coiling, although this result was also not statistically significant (95% CI 0.3-7.1; p = 0.61) ( Table V) .
Our study also showed that patients who underwent surgical clipping had a higher incidence of VP shunt insertion than those who underwent endovascular coiling, although this difference was not statistically significant (16.1% vs. 7.1%; p = 0.39). Using logistic regression to adjust for confounders such as age, gender and comorbidities, we found that patients who underwent surgical clipping were 1.8 times more likely to require VP shunts than patients who received coiling. Although our results were not statistically significant (95% CI 0.4-7.1; p = 0.39), it should be noted that our overall study group had a higher absolute percentage.
DISCUSSION
The management of ruptured intracranial aneurysms is a common challenge faced by neurosurgeons. The disease is an acute neurosurgical emergency, with a significant fatality rate of 40%-60%. (6) Studies reveal that 3.6%-6% of the population over the age of 30 years harbour unruptured intracranial aneurysms. (7) There is a danger that these vessels might rupture, causing SAH and potential infarct of cerebral parenchyma. (8) The annual incidence of aneurysmal SAH in Western countries is reported to be 6-8 per 100,000 people. (9) The overall mortality of the disease is 32%-67%, with 30% of survivors having moderate-to-severe disability. (10) Only 35% of patients have good cognitive outcomes. (8) Although the mortality among patients presenting with aneurysmal SAH in our study was 18.0%, and 19.1% of our patients had poor outcomes (GOS We acknowledge that this bias would likely be a significant confounder affecting our study results. However, given the improved efficacy of endovascular treatment, as demonstrated by the ISAT, it is not considered inappropriate clinical practice to offer it as a first-line modality.
Our results indicate that patients who underwent surgical clipping were 1.5 times more likely to have poor outcomes than those who underwent endovascular coiling. We believe that this result is clinically significant, as our institution practises endovascular treatment for patients with aneurysms as a firstline option over surgery. As interventional radiologists were given first-line selection of patients, this might have given rise to significant selection bias. Patients who were deemed unsuitable for endovascular treatment, such as those with aneurysms that the interventional radiologist felt could not be occluded, were scheduled to undergo open neurosurgical treatment. We acknowledge that such an approach may have been associated with different technical challenges owing to the varied patient factors and/or anatomical nuances contributing to the decision on the suitability of endovascular coiling versus surgical clipping in our patients. As evidenced by our results, there was 
Such patients will benefit from early treatment. In cases where an interventional radiologist is not available, the pragmatic prerogative would be to proceed directly to surgical clipping.
Nonetheless, we are of the opinion that endovascular treatment for intracranial aneurysms remains a valuable alternative to surgical clipping.
In our study, patients who underwent surgical clipping were 1.8 times more likely to require VP shunting than those who underwent coiling. However, this finding is inconsistent with those published in the current literature, where some studies have suggested that the number of patients undergoing VP shunts for hydrocephalus as a result of SAH may be reduced by proceeding with clipping instead of coiling. (13, 14) However, a few papers have also cited otherwise. (15) A possible explanation for this variation could be that patients who were selected for endovascular coiling in our study generally had bettergrade aneurysms compared to those who underwent surgical clipping due to interventional radiologists having the first-line of selection of patients, thus resulting in better outcomes and lower rates of VP shunting.
We also found a positive correlation among Fisher grade, hydrocephalus and the need for EVD insertion. Fisher grading is commonly used to predict the risk of SAH-associated vasospasm; (16) a higher grade on the Fisher scale indicates a higher probability of vasospasm. The accepted explanation for this observation is that with a higher Fisher grade, there is more blood within the subarachnoid space. (17) Such blood products can cause physical obstruction within the ventricular system and may lead to microscopic obstruction of the arachnoid granulations, thereby giving rise to hydrocephalus. (18, 19) In summary, patients with good-grade aneurysmal SAH undergoing surgical clipping were 1.5 times more likely to have poor outcomes compared to those undergoing endovascular coiling, with an absolute difference of 5.2%. This group of patients was also 1.8 times more likely to require a VP shunt at the end of their six-month follow-up. There was a significant positive association between Fisher grade and hydrocephalus. More studies are required to address the issue of bias in patient selection, so as to compare the efficacy and outcomes of neurosurgical treatment versus endovascular intervention for aneurysmal patients with SAH. The patient outcome aspect of our study is still ongoing.
We acknowledge that our institution has a slightly different approach in place for the management of ruptured intracranial aneurysms when compared to other overseas centres. As previously mentioned, our current practice is that all cases of aneurysms deemed fit to undergo treatment are initially discussed with interventional radiologists, and if possible, endovascular coiling is preferred to surgery. However, in spite of this confounding factor and in the context of our institution, the correlation of our results with current evidence-based findings indicate that surgical clipping of ruptured aneurysms provides similar and comparable long-term outcomes as endovascular coiling. (20) (21) (22) 
